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layer formed on the steel sheet having a coating weight of 20
g/m” to 120 g/m” per side, in which a yield strength ratio is

65% or more, a tensile strength 1s 950 M.
oxides are contained in the galvanized layer in an amount of

0.015 g/m” to 0.050 g/m”.

4 Claims, 1 Drawing Sheet
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HIGH-YIELD-RATIO HIGH-STRENGTH
GALVANIZED STEEL SHEET AND METHOD
FOR MANUFACTURING THE SAMEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s the U.S. National Phase application of PCT/

JP2017/002617, filed Jan. 26, 201’7, which claims priorty to
Japanese Patent Application No. 2016-013206, filed Jan. 27,

2016, the disclosures of each of these applications being
incorporated herein by reference in their entireties for all
purposes.

FIELD OF THE INVENTION

The present invention relates to a high-yield-ratio high-
strength galvanized steel sheet excellent 1n terms of coating
appearance, exfoliation resistance when bending 1s per-
formed, and bending workability, whose base material 1s a
steel sheet containing S1 and Mn and which can preferably
be used for collision-resistant parts of an automobile, and to
a method for manufacturing the same.

BACKGROUND OF THE INVENTION

Nowadays, since there 1s a strong demand for improving
the collision safety and fuel etfliciency of an automobile,
there 1s a growing trend toward improving the strength of
thin steel sheets, which are materials for automotive parts. In
particular, from the viewpoint of ensuring occupant safety at
the time of an automotive collision, materials used for parts
around a cabin are required to have a high yield strength
ratio (YR:YR=(YS(vield strength)/'TS(tensile strength))x
100%). Since there 1s a risk of an increase 1n a load placed
on a pressing machine, and since 1t 1s not possible to provide
an ultrahigh-strength steel sheet with high ductility or stretch
flange formability, processing performed on such parts
involves mainly bending work. Therefore, the kind of
required workability which 1s important 1n such a case 1s
bendability.

Moreover, since automobiles are used for various pur-
poses 1n various regions and types of weather due to
automobiles being prevalent on a global scale, steel sheets,
which are the matenals for parts, are required to have a high
rust prevention capability. Therefore, coated steel sheets are
preferably used.

In addition, steel sheets having a high yield ratio have
been developed conventionally. For example, Patent Litera-
ture 1 discloses a hot-dip galvanized steel sheet having a
high vield ratio and a high strength excellent in terms of
workability and a method for manufacturing the steel sheet.
In addition, Patent Literature 2 discloses a steel sheet having
a tensile strength of 980 MPa or more, a high yield ratio, and
excellent workability (particularly, strength-ductility bal-
ance). In addition, Patent Literature 3 discloses a high-
strength galvanized steel sheet excellent 1n terms of coating
appearance, corrosion resistance, and exfoliation resistance
when bending 1s performed, and bending workability, whose
base material 1s a high-strength steel sheet containing S1 and
Mn, and a method for manufacturing the steel sheet.

PATENT LITERATURE

PTL 1: Japanese Patent No. 5438302
PTL 2: Japanese Unexamined Patent Application Publi-
cation No. 2013-213232
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PTL 3: Japanese Unexamined Patent Application Publi-
cation No. 2015-151607

SUMMARY OF THE INVENTION

In the case of the technique according to Patent Literature
1, coating quality tends to deteriorate, and a solution thereof
1s not disclosed.

In the case of the technique according to Patent Literature
2, since suflicient consideration 1s not given to coatability,
there 1s an 1suilicient improvement in coatabaility.

In the case of the technique according to Patent Literature
3, 1n an annealing process before a coating process, the
hydrogen concentration 1n a furnace atmosphere 1s limited to
be 20 vol % or more, and the annealing temperature 1s
limited to be 600° C. to 700° C. Therefore, it 1s not possible
to use the technique according to Patent Literature 3 for a
material having an Ac3 point of higher than 800° C. from the
viewpoint of a metallographic structure. Therefore, 1t 1s
difficult to say that such a technique can pretferably be used
for the collision-resistant parts of an automobile.

The present invention has been completed 1n order to
solve the problems described above, and an object of the
present invention 1s to provide a high-yield-ratio high-
strength galvanized steel sheet excellent 1n terms of coating
appearance, exioliation resistance when bending 1s per-
formed, and bending workability, whose base material 1s a
steel sheet contaiming S1 and Mn and which can preferably
be used for collision-resistant parts of an automobile, and a
method for manufacturing the steel sheet.

The present mventors, in order to solve the problems
described above, diligently conducted investigations of vari-
ous thin steel sheets regarding the relationship between
tensile strength (TS) and yield strength (YS) and regarding
a method for simultaneously achieving improved workabil-
ity and improved coatability and, as a result, found that 1t 1s
possible to obtain a steel sheet which can preferably be used
for collision-resistant parts and which simultaneously has
improved workability and improved coatability by appro-
priately controlling the chemical composition and metallo-
graphic structure of a steel sheet and manufacturing condi-
tions such as a temperature range and a furnace atmosphere
when a heat treatment 1s performed. Specifically, exemplary

embodiments of the present invention provide the following.
[1] A high-yield-ratio high-strength galvanized steel sheet

having a steel sheet having a composition containing, by
mass %, C: 0.12% or more and 0.25% or less, Si: less than

1%, Mn: 2.0% or more and 3% or less, P: 0.05% or less, S:
0.005% or less, Al: 0.1% or less, N: 0.008% or less, Ca:
0.0003% or less, one or more of T1, Nb, V, and Zr 1n a total
amount of 0.01% to 0.1%, and the balance being Fe and
inevitable impurities, and a metallographic structure includ-
ing, i terms of area ratio, 15% or less of ferrite, 20% or
more and 50% or less of martensite, and bainite and tem-
pered martensite 1n a total amount of 30% or more, and a
galvanized layer formed on the steel sheet having a coating
weight of 20 g/m* to 120 g/m” per side; and a yield strength
ratio 1s 65% or more, a tensile strength 1s 950 MPa or more,
and Mn oxides are contained 1n the galvanized layer 1n an
amount of 0.015 g/m~ to 0.050 g/m".

[2] The high-yield-ratio high-strength galvanized steel
sheet according to 1tem [1], 1n which the composition further

contains, by mass %, one or more of Mo, Cr, Cu, and N1 1n
a total amount of 0.1% to 0.5% and/or B: 0.0003% to

0.005%.
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[3] The high-yield-ratio high-strength galvanized steel
sheet according to item [1] or [2], in which the composition
turther contains, by mass %, Sb: 0.001% to 0.05%.

[4] The high-yield-ratio high-strength galvanized steel
sheet according to any one of items [1] to [3], in which the >
galvanized layer 1s a galvannealed layer.

[5] A method for manufacturing a high-yield-ratio high-
strength galvanized steel sheet, the method including a heat
treatment process in which a cold-rolled steel sheet having,
the chemical composition according to any one of 1tems [1]
to [3] 1s heated to a temperature range from the Acl point to
the Ac3 pomnt+50° C., pickled, and subjected to a heat
treatment at an average heating rate of less than 10° C./s at
a heating temperature T from the Ac3 point to 950° C. with
a hydrogen concentration H in a furnace atmosphere 1n the
heating temperature range of 5 vol % or more, with a furnace
dew-point D 1n the heating temperature range satisiying
relational expression (1) below, and with a retention time in
a temperature range ot 450° C. to 550° C. of 5 seconds or 5,
more and less than 20 seconds, a zinc-coating process in
which the steel sheet which has been subjected to the heat
treatment process 1s subjected to a coating treatment and
cooled to a temperature of 50° C. or lower at an average
cooling rate of 5° C./s or more, and a skin pass rolling 5
process 1n which the coated steel sheet which has been
subjected to the zinc-coating process 1s subjected to skin
pass rolling with an elongation ratio of 0.1% or more.

10

15

~40=D<(7T-1112.5)/7.5 (1) 30

In relational expression (1), D denotes the furnace dew-
point (° C.), and T denotes the heating temperature (° C.).

[6] The method for manufacturing a high-yield-ratio
high-strength galvanized steel sheet according to 1tem [35], in
which the coating treatment is a galvanizing treatment or a 33
galvanizing treatment followed by an alloying treatment.

According to the present invention, 1t 1s possible to obtain
a high-yield-ratio high-strength galvamzed steel sheet hav-
ing a high strength represented by a tensile strength of 950
MPa or more and excellent bending workability, coatability, 4V
and appearance. Here, in accordance with embodiments of
the present invention, the tensile strength 1s usually less than
1300 MPa.

In the case where the high-yield-ratio high-strength gal-
vanized steel sheet according to the present invention is used
for the skeleton members of an automobile body, it is
possible to significantly contribute to an improvement in
collision safety and weight reduction.

BRIEF DESCRIPTION OF DRAWINGS 50

The FIGURE 1s a diagram illustrating an example of an
image data obtained by performing microstructure observa-

t10n.
55

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Hereatter, the embodiments of the present invention will
be described. Here, the present invention 1s not limited to the 60
embodiments described below.

<High-Yield-Ratio High-Strength Galvanized Steel
Sheet>

The high-yield-ratio high-strength galvanized steel sheet
according to the present imnvention has a steel sheet and a 65
coating layer formed on the steel sheet. First, the steel sheet
will be described. The steel sheet has a specified composi-

4

tion and a specified metallographic structure. The chemical
composition and the metallographic structure will be
described 1n this order.

The steel sheet has a chemical composition containing, by
mass %, C: 0.12% or more and 0.25% or less, Si: less than
1%, Mn: 2.0% or more and 3% or less, P: 0.05% or less, S:
0.005% or less, Al: 0.1% or less, N: 0.008% or less, Ca:
0.0003% or less, one or more of T1, Nb, V, and Zr 1n a total
amount of 0.01% to 0.1%, and the balance being Fe and
inevitable impurities.

In addition, the chemical composition described above
may further contain, by mass %, one or more of Mo, Cr, Cu,
and N1 1n a total amount of 0.1% to 0.5% and/or B: 0.0003%
to 0.005%.

In addition, the chemical composition described above
may further contain, by mass %, Sbh: 0.001% to 0.05%.

Hereafter, each of the constituent chemical elements will
be described. In the description below, “%” used when
describing the contents of the constituent chemical elements
refers to “mass %”.

C: 0.12% or More and 0.25% or Less

C, which 1s a chemical element effective for improving
strength of a steel sheet, contributes to an 1improvement 1n
strength by forming martensite containing supersaturated C.
In addition, C also contributes to an improvement in strength
by combining with carbide-forming chemical elements such
as Nb, T1, V, and Zr to form fine alloy compounds or alloy
carbonitrides. It 1s necessary that the C content be 0.12% or
more, preferably 0.13% or more, or more preferably 0.14%
or more, 1n order to realize such eflects. On the other hand,
in the case where the C content of the present steel sheet 1s
more than 0.25%, there 1s not only a significant deterioration
in spot weldability but also an increase 1n the hardness of a
steel sheet due to an increase 1n the amount of martensite,
and there 1s a tendency for YR and bending workability to
deteriorate. Theretore, the C content 1s set to be 0.12% or
more and 0.25% or less. It 1s preferable that the C content be
0.23% or less from the viewpoint of properties.

S1: Less than 1%

Since Si1 1s a chemical element which contributes to an

improvement in strength mainly through solid solution
strengthening with a comparative small decrease 1n ductility
associated with an increase 1n strength, S1 contributes to an
improvement not only in strength but also in strength-
ductility balance. On the other hand, since S1 tends to form
Si-based oxides 1n the surface layer of a steel sheet, S1 may
cause bare spots. Therefore, S1 may be added in an amount
which 1s necessary for achieving desired strength, and the
upper limit of the Si1 content 1s set to be less than 1%,
preferably 0.8% or less, or more preferably 0.5% or less,
from the viewpoint of coatability. Here, it 1s preferable that
the S1 content be 0.01% or more.

Mn: 2.0% or More and 3% or Less

Mn 1s a chemical element which contributes to an
improvement 1n strength through solid solution strengthen-
ing and the formation of martensite. It 1s necessary that the
Mn content be 2.0% or more, preferably 2.1% or more, or
more preferably 2.2% or more, 1 order to realize such an
eflect. On the other hand, 1n the case where the Mn content
1s more than 3%, cracking occurs in a weld zone formed by
performing spot welding, and a variation 1n a metallographic
structure tends to occur due to, for example, the segregation
of Mn, which results 1n a deterioration 1n various kinds of
workability. In addition, Mn tends to be concentrated 1n the
surface layer of a steel sheet in the form of oxides or
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compound oxides, which may result in bare spots occurring.
Therefore, the Mn content 1s set to be 3% or less, or
preferably 2.8% or less.

P: 0.05% or Less

P 1s a chemical element which contributes to an improve-
ment 1n the strength of a steel sheet through solid solution
strengthening. However, in the case where the P content 1s
more than 0.05%, there 1s deterioration in weldability and
workability such as stretch flange formability. Therefore, it
1s preferable that the P content be 0.03% or less. Although
there 1s no particular limitation on the lower limit of the P
content, 1t 1s preferable that the P content be 0.001% or
more, because there 1s deterioration 1n production efliciency
and an increase in dephosphorization costs 1n a manufac-
turing process 1n the case where the P content 1s less than
0.001%. Here, 1t 1s possible to realize the effect of improving
strength 1n the case where the P content 1s 0.001% or more.

S: 0.005% or Less

S 1s a harmiul chemical element which causes hot
embrittlement and which deteriorates workability of a steel
sheet such as bendability by existing 1n steel 1n the form of
sulfide-based inclusions. Therefore, 1t 1s preferable that the
S content be as small as possible. In embodiments of the
present nvention, it 1s acceptable that the S content be
0.005% or less. Although there 1s no particular limitation on
the lower limit of the S content, there 1s deterioration in
production efliciency and an increase 1n cost 1n a manufac-
turing process 1n the case where the S content 1s less than
0.0001%. Therelore, 1t 1s preferable that the S content be
0.0001% or more.

Al: 0.1% or Less

Al 1s added as a deoxidizing agent. It 1s preferable that the
Al content be 0.01% or more, or more preferably 0.02% or
more, 1n the case where such an eflect 1s necessary. On the
other hand, 1n the case where the Al content 1s more than
0.1%, there 1s an 1ncrease 1n material costs, and excessive Al
content also induces surface defects on a steel sheet. There-
tore, the Al content 1s set to be 0.1% or less, or preferably
0.04% or less. Here, in the present mnvention, 1t 1s preferable
that the sum of the Al content and the S1 content be 0.5% or
less.

N: 0.008% or Less

In the case where the N content 1s more than 0.008%,
there 1s deterioration 1n ductility and toughness due to an
excessive amount of nitrides being formed 1n steel, and there
may be deterioration in the surface quality of a steel sheet.
Theretore, the N content 1s set to be 0.008% or less, or
preferably 0.006% or less. It 1s preferable that the N content
be as small as possible from the viewpoint of improving,
ductility as a result of an improvement 1n the cleanliness of
ferrite. On the other hand, in the case where the N content
1s excessively decreased, there 1s deterioration 1n production
elliciency and an increase 1n cost 1n a manufacturing pro-
cess. Therefore, 1t 1s preferable that the N content be
0.0001% or more.

Ca: 0.0003% or Less

Ca deteriorates the workability of a steel sheet by forming,
sulfides and oxides 1n steel. Therefore, the Ca content 1s set
to be 0.0003% or less, or preferably 0.0002% or less. It 1s
preferable that the Ca content 1s as small as possible, and the
Ca content may be 0%.

One or More of T1, Nb, V, and Zr: 0.01% to 0.1% 1n Total

T1, Nb, V, and Zr combine with C and N to form
precipitates 1 the form of carbides and nitrides (or some-
times carbonitrides). Fine precipitates contribute to an
improvement in the strength of a steel sheet. In particular,
the strength 1s improved by forming fine precipitates of these
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chemical elements 1n solt ferrite. In addition, there 1s also an
ellect of decreasing the difference 1n strength between ferrite
and martensite, which contributes to an improvement in the
workability such as bendability and stretch flange formabil-
ity of a steel sheet. Moreover, since these chemical elements
have a function of decreasing the grain diameter of the
microstructure of a hot-rolled coil, these chemical elements
contribute to an improvement 1n strength and workabaility
such as bendability by decreasing the grain diameter of the
microstructure (metallographic structure) of a final product
sheet which has been subjected to a subsequent heat treat-
ment following cold rolling and heating. Theretfore, the total
content of these chemical elements 1s set to be 0.01% or
more, or preferably 0.02% or more. However, 1n the case
where the total content 1s excessively large, there 1s a
deterioration 1n productivity due to an increase in resistance
to deformation when cold rolling 1s performed, and 1n the
case where the amount of precipitates 1s excessively large or
in the case where the grain diameter of precipitates is large,
there 1s a deterioration 1n the ductility of ferrite and 1n the
ductility and workability such as bendability and stretch
flange formability of a steel sheet. Therefore, the total
content of these chemical elements 1s set to be 0.1% or less,
or preferably 0.08% or less.

The remainder which 1s different from the constituent
chemical elements described above 1s Fe and inevitable
impurities. Here, the chemical composition of the steel sheet
may contain the constituent chemical elements described

below.
One or More of Mo, Cr, Cu, and N1: 0.1% to 0.5% 1n Total

and/or B: 0.0003% to 0.005%
Since these chemical elements facilitate the formation of
martensite by improving hardenabaility, these chemical ele-

ments contribute to an improvement 1n strength. It 1s pref-
erable that one or more of Mo, Cr, Cu, and N1 be added 1n
a total amount of 0.1% or more 1n order to realize such an
eflect. In addition, in the case where the total content of Mo,
Cr, Cu, and N1 1s excessively large, such an effect becomes
saturated, and there 1s an increase in cost. In addition, 1n the
case where the Cu content 1s excessively large, cracking
occurs when hot rolling 1s performed, which results 1n
surface flaws occurring. Therefore, the total content of these
chemical elements 1s set to be 0.5% or less. Since Ni 1s
ellective for inhibiting surface flaws caused by the addition
of Cu from occurring, 1t 1s preferable that N1 be added when
Cu 1s added. It 1s preferable that the Ni content be %2 or more
the Cu content. As described above, B also contributes to an
improvement in strength by improving hardenability. In
addition, the lower limit of the B content 1s set from the
viewpoint of realizing the effect of inhibiting the formation
of ferrite occurring 1n a cooling process for a heat treatment
and from the viewpoint of improving hardenability. Specifi-
cally, 1t 1s preferable that the B content be 0.0003% or more.
Since such eflects become saturated 1n the case where the B
content 1s excessively large, the upper limit of the B content
1s set. Specifically, i1t 1s preferable that the B content be
0.005% or less. In the case where hardenability 1s exces-
sively high, there 1s also a disadvantage, for example, 1n that
cracking occurs 1n a weld zone when welding 1s performed.

Sb: 0.001% to 0.05%

Sb 1s a chemical element which 1s eflective for inhibiting
deterioration 1n the strength of a steel sheet by inhibiting
decarburization, denitrification, boron removal, and so forth.
In addition, Sb 1s eflective for inhibiting spot weld cracking.
Therefore, it 1s preferable that the Sb content be 0.001% or
more, or more preferably 0.002% or more. However, 1n the
case where the Sb content i1s excessively large, there is
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deterioration 1n the workability such as stretch flange form-
ability of a steel sheet. Therelore, 1t 1s preferable that the Sb
content be 0.05% or less, or more preferably 0.02% or less.

Here, there 1s no decrease 1n the eflects of the present
invention in the case where the optional constituent chemi-
cal elements described above are contained in amounts less
than the lower limits described above. Theretfore, in the case
where the optional constituent chemical elements are con-
tained 1n amounts less than the lower limits described above,
such optional constituent chemical elements described
above are regarded as inevitable impurities.

Hereatter, the metallographic structure of the steel sheet
will be described. The metallographic structure of the steel
sheet includes, 1n terms of area ratio, 15% or less (including
0%) of territe, 20% or more and 50% or less ol martensite,
and bainite and tempered martensite 1n a total amount of
30% or more.

Ferrite: 15% or Less

Although 1t 1s not preferable that ferrite exist from the
viewpoint of the strength of a steel sheet, it 1s acceptable that
the area ratio of ferrite be 15% or less in embodiments of the
present invention, preferably 10% or less, or more prefer-
ably 5% or less. In addition, the area ratio of ferrite may be
0%. The area ratio described above 1s determined by using
the method described in EXAMPLES. Here, bainite which
1s formed at a comparatively high temperature and which
does not contain carbides 1s regarded as ferrite without
distinguishing such bainite from ferrite in the observation
using a scanning electron microscope described 1n
EXAMPLES below.

Martensite (As-Quenched Martensite): 20% or More and
0% or Less

Since martensite 1s hard and eflective and indispensable
for improving the strength of a steel sheet, the area ratio of
martensite 1s set to be 20% or more, or preferably 25% or
more, 1n order to achieve a tensile strength (1S) of 950 MPa
or more. On the other hand, since hard martensite in the
quenched state decreases YR, the upper limit of the area
rat1o of martensite 1s set to be 50% or less, or preferably 45%
or less. The area ratio described above 1s determined by
using the method described in EXAMPLES.

Bainite and Tempered Martensite: 30% or More 1n Total

The area ratio of bainite (meaning bainite which contains
carbides, because bainite which does not contain carbides 1s
regarded as ferrite as described above) and tempered mar-
tensite 1s set to be 30% or more 1n order to simultaneously
achieve a satisfactory tensile strength and a high yield ratio
(vield strength ratio). In particular, the phase fraction of
bainite and tempered martensite 1s 1important 1n order to
achieve high YS in an embodiment of the present invention,
and it 1s preferable that the area ratio be 40% or more 1n
order to stably achieve a high YS. Here, although there 1s no
particular limitation on the upper limit of the area ratio, 1t 1s
preferable that the upper limit be 90% or less, or more
preferably 80% or less, from the viewpoint of strength-
ductility (workability) balance. The area ratio described
above 1s determined by using the method described in
EXAMPLES.

Here, there may be a case where the metallographic
structure of a steel sheet includes the remainder, which 1s
different from the microstructures (phases) described above,
including pearlite, retained austenite, and precipitates such
as carbides, and 1t 1s acceptable that the area ratio of the
remainder be 10% or less, or preferably 5% or less, 1n terms
of total area ratio at a position located at V4 of the thickness.
The area ratio described above 1s determined by using the

method described in EXAMPLES.

10

15

20

25

30

35

40

45

50

55

60

65

8

Hereafter, a galvanized layer will be described. The
coating weight of the galvanized layer is set to be 20 g/m”~
to 120 g/m” per side. In the case where the coating weight
is less than 20 g/m>, it is difficult to achieve satisfactory
corrosion resistance. It 1s preferable that the coating weight
be 30 g/m” or more. On the other hand, in the case where the
coating weight is more than 120 g/m?, there is deterioration
in exfoliation resistance. It 1s preferable that the coating
weight be 90 g/m* or less.

In addition, Mn oxides, which are formed in a heat
treatment process before a coating treatment 1s performed,
are mixed 1n a galvanized layer when an Fe—Al alloy phase
or an Fe—Z7n alloy phase 1s formed as a result of a reaction
between a coating bath and a steel sheet during a coating
treatment, and the oxides are retained at an interface
between the coating layer and the base steel 1n the case
where the amount of the oxides 1s excessively large, which
results 1n a deterioration 1n coating adhesiveness. Hence, 1t
1s preferable that the amount of the Mn oxides 1n a coating
layer be as small as possible. However, it 1s dithicult to
control the amount of Mn to be less than 0.015 g/m>,
because this requires that the dew-point be controlled to be
lower than that in a usual operation condition. In addition,
the amount of Mn oxides may be 0.04 g/m” or more. In
addition, in the case where the amount of Mn oxides 1n a
coating layer is more than 0.050 g/m?, sufficient reaction for
forming an Fe—Al alloy phase or an Fe—Z7n alloy phase
does not occur, which results 1n bare spots occurring and a
deterioration 1n exfoliation resistance. Therefore, the amount
of Mn oxides contained 1n the galvanized layer is set to be
0.015 g/m” to 0.050 g/m°, or preferably 0.04 g/m~ or less.
Here, the amount of Mn oxides 1n a galvanized layer is
determined by using the method described in EXAMPLES.

The galvanized layer may be a galvannealed layer, which
has been subjected to an alloying treatment.

<Method for Manufacturing High-Yield-Ratio High-
Strength Galvanized Steel Sheet>

The manufacturing method according to embodiments of
the present mnvention includes a heat treatment process, a
galvanizing process, and a skin pass rolling process.

The heat treatment process 1s a process in which a
cold-rolled steel sheet having the chemical composition
described above 1s heated to a temperature range from the
Acl point to the Ac3 point+350° C., pickled, and subjected to
a heat treatment at an average heating rate of less than 10°
C./s at a heating temperature T from the Ac3 point to 950°
C. with a hydrogen concentration H 1n a furnace atmosphere
in the heating temperature range of 5 vol % or more, with a
furnace dew-point D satisiying relational expression (1)
below, and with a retention time 1n a temperature range of
450° C. to 550° C. of 5 seconds or more and less than 20
seconds. Here, 1n the description below, the term “tempera-
ture” denotes the surface temperature of a steel sheet.

Manufacturing Slab (Cast Piece (Steel))

Steel from which a cold-rolled steel sheet used in the
manufacturing method according to an embodiment of the
present invention 1s obtained 1s a slab which 1s manufactured
by using a continuous casting method. A continuous casting
method 1s used 1n order to prevent the macro segregation of
alloy constituent chemical elements. Steel may be manufac-
tured by using, for example, an mgot-making method or a
thin-slab casting method.

In addition, after a steel slab has been manutfactured, hot
rolling may be performed by using any one of a conventional
method i which the slab 1s reheated after having been
cooled to room temperature, a method 1n which hot rolling
1s performed after the slab has been charged 1nto a heating
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furnace in the warm state without having been cooled to
near-room temperature, a method i which hot rolling 1s
performed immediately after the slab has been subjected to
heat retention for a short time, and a method in which hot
rolling 1s performed directly on a cast piece 1n the hot state.

A cold-rolled steel sheet 1s obtained by performing cold
rolling after hot rolling has been performed on the steel
described above. Although there 1s no particular limitation
on the conditions used for hot rolling, 1t 1s preferable that
steel having the chemical composition described above be
heated to a temperature of 1100° C. or higher and 1350° C.
or lower, subjected to hot rolling with a finishing delivery
temperature of 800° C. or higher and 950° C. or lower, and
colled at a temperature of 450° C. or higher and 700° C. or
lower.

Slab Heating Temperature

It 1s preferable that the steel slab heating temperature be
1100° C. or higher and 1350° C. or lower. This 1s because the
grain diameter ol precipitates in the steel slab tends to
increase 1n the case where the slab-heating temperature 1s
higher than the upper limit described above, and there may
be a disadvantage i1n that 1t 1s difficult, for example, to
achieve satisfactory strength through precipitation strength-
ening. In addition, this 1s because there may be a case where
precipitates having a large grain diameter have negative
cllects on the formation of a microstructure 1n the subse-
quent heat treatment. On the other hand, achieving a smooth
steel sheet surface by appropriately performing heating 1n
order to remove, for example, blowholes and defects from
the surface of the slab through scale ofl so that there 1s a
decrease i1n the number of cracks and in the degree of
asperity on the surface of a steel sheet 1s advantageous. It 1s
preferable that the heating temperature be 1100° C. or higher
in order to realize such an eflect. On the other hand, 1n the
case where the heating temperature 1s higher than 1350° C.,
since there 1s an 1ncrease 1n austenite grain diameter, there
1s an increase in the grain diameter of the metallographic
structure of a final product, which may result 1n a deterio-
ration 1n the strength and workability such as bendability
and stretch flange formability of a steel sheet.

Hot Rolling

The steel slab obtained as described above 1s subjected to
hot rolling including rough rolling and finish rolling. Gen-
crally, a steel slab 1s made 1nto a sheet bar by performing
rough rolling, and the sheet bar 1s made 1nto a hot-rolled coil
by performing finish rolling. In addition, there 1s no problem
in the case where rolling i1s performed regardless of such a
classification depending on, for example, rolling mill capac-
ity as long as a specified size 1s obtained. It 1s preferable that
hot rolling be performed under the conditions described
below.

Finishing Delivery Temperature: 800° C. or Higher and
950° C. or Lower

By controlling the finishing delivery temperature to be
800° C. or higher, there 1s a tendency for the microstructure
of a hot-rolled coil to be homogeneous. Controlling the
microstructure at this stage to be homogeneous contributes
to homogenizing the microstructure of a final product. In the
case¢ where a microstructure 1s inhomogeneous, there 1is
deterioration 1n ductility and workability such as bendabaility
and stretch flange formability. On the other hand, in the case
where the finishing delivery temperature 1s higher than 950°
C., since there 1s an increase in the amount of oxides (scale)
formed, there 1s an increase in the degree of asperity of an
interface between the base steel and the oxides, which may
result 1n a deterioration in the surface quality after pickling
or cold rolling has been performed. In addition, there 1s an
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increase in the crystal grain diameter of a microstructure,
which may result in deterioration in the strength and work-
ability such as bendability and stretch flange formability of
a steel sheet as 1n the case of a steel slab.

After hot rolling has been performed as described above,
for the purpose of the refinement and homogenization of a
microstructure, 1t 1s preferable that cooling be started within
3 seconds after finish rolling has been performed and that
cooling be performed at an average cooling rate of 10° C./s
to 250° C./s 1n a temperature range from [finishing delivery

temperature]® C. to [finishing delivery temperature—1001]°

C.

Coiling Temperature: 450° C. to 700° C.

It 1s preferable that the temperature immediately before
coiling 1s performed after hot rolling, that 1s, the coiling
temperature, be 450° C. or higher from the viewpoint of
forming fine precipitates such as NbC. It 1s preferable that
the coiling temperature be 700° C. or lower, because this
results 1n the grain diameter of precipitates being prevented
from excessively increasing. It 1s more preferable that the
coilling temperature be 3500° C. or higher and 680° C. or
lower from the viewpoint of, for example, obtaining a
hot-rolled steel sheet having a microstructure homogeneous
in terms of grain diameter.

Subsequently, cold rolling 1s performed. In cold rolling,
the hot-rolled steel sheet which has been obtained by per-
forming hot rolling as described above 1s subjected to cold
rolling. Here, the hot-rolled steel sheet 1s usually made into
a cold-rolled coil by performing cold rolling following
pickling for the purpose of descaling. Such pickling 1s
performed as needed.

It 1s preferable that cold rolling be performed with a
rolling reduction ratio of 20% or more. This i1s for the
purpose ol forming a homogeneous and fine microstructure
in the subsequent heating process. In the case where the
rolling reduction ratio is less than 20%, since there may be
a case where a microstructure having a large grain diameter
or an inhomogeneous microstructure 1s formed when heating
1s performed, there 1s a risk of a deterioration 1n the strength
and workability of a final product sheet after the subsequent
heat treatment has been performed as described above.
Although there 1s no particular limitation on the upper limit
of the rolling reduction ratio, there may be a case of
deterioration 1n productivity due to a high rolling load and
deterioration 1n shape 1n the case where a high-strength steel
sheet 1s subjected to cold rolling with a high rolling reduc-
tion ratio. It 1s preferable that rolling reduction ratio be 90%
or less.

Subsequently, heating (heating performed 1n, for example,
an annealing furnace, and, hereinafter, also referred to as
“annealing™) 1s performed. In this annealing process, the
cold-rolled steel sheet, which has been obtained by perform-
ing cold rolling, 1s heated to a temperature range from the
Acl poimnt to the Ac3 point+50° C. Pickling 1s performed
thereatter.

Heating to Temperature Range from Acl Point to Ac3
Point+50° C.

“Heating to a temperature range from the Acl point to the
Ac3 pomt+50° C.” 1s the condition for achieving high yield
ratio and satisfactory coatability 1mn a final product. It 1s
preferable that a microstructure including ferrite and mar-
tensite be formed belfore the subsequent heat treatment
process from the viewpoint ol material properties. More-
over, 1t 1s also preferable that the oxides of, for example, Si
and Mn be concentrated 1n the surface layer of a steel sheet
through this heating process from the viewpoint of coatabil-
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ity. From such points of view, heating 1s performed to a
temperature range from the Acl point to the Ac3 point+50°
C.

Here, Acl=751-27C+1851-12Mn-23Cu-23Ni1+24Cr+
23Mo-40V-6T1+327r+233Nb-169A1-895B, and
Ac3=937-477C+56S1-20Mn-16Cu-27N1-5Cr+38Mo+
125V+136T1+357Zr-19Nb+198 Al+3315B, where the atomic
symbols 1n the equations above respectively denote the
contents of the corresponding chemical elements, and where
the symbol of a chemical element which 1s not contained 1s
assigned a value of 0.

Pickling,

In order to achieve satistactory coatability by performing
heating 1n a temperature range equal to or higher than the
Ac3 point 1n the subsequent heat treatment process, the
oxides of, for example, S1 and Mn, which have been
concentrated 1n the surface layer of the steel sheet 1n the
preceding processes, are removed by performing pickling.

Heat Treatment

After pickling has been performed as described above, a
heat treatment 1s performed at an average heating rate of less
than 10° C./s at a heating temperature T from the Ac3 point
to 950° C. with a hydrogen concentration H in a furnace
atmosphere 1n the heating temperature range of 5 vol % or
more, with a furnace dew-point D 1n the heating temperature
range satisiying relational expression (1) below, and with a
retention time 1n a temperature range of 450° C. to 550° C.
of 5 seconds or more and less than 20 seconds.

Average Heating Rate: Less than 10° C./s

The average heating rate 1s set to be less than 10° C./s in
order to form a homogeneous microstructure. In addition, 1t
1s preferable that the average heating rate be 2° C./s or more
from the viewpoint of inhibiting deterioration 1n production
ciliciency.

Heating Temperature (for Example, Annealing Tempera-
ture) T: from Ac3 Point to 930° C.

The furnace atmosphere 1s specified 1n order to achieve
both satisfactory material properties and satisfactory coat-
ability. In the case where the heating temperature 1s equal to
or lower than the Ac3 point, since there 1s an increase in the
phase fraction of ferrite 1n the metallographic structure
which 1s finally formed, 1t 1s not possible to achieve the
desired strength. In addition, it 1s not preferable that the
heating temperature be higher than 950° C., because this
results 1n deterioration in workability such as bendability
and stretch tlange formability due to increased crystal grain
diameter. In addition, 1mn the case where the heating tem-
perature 1s higher than 950° C., since Mn and S1 tend to be
concentrated 1n the surface layer, there 1s deterioration 1n
coatability. In addition, in the case where the heating tem-
perature 1s higher than 930° C., since a load placed on the
equipment 1s stably high, there may be a case where manu-
facturing 1s not possible.

Hydrogen Concentration H in Temperature Range from
Ac3 Point to 950° C.: 5 vol % or More

In an embodiment of the present invention, by controlling,
a furnace atmosphere along with the heating temperature
described above, 1t 1s possible to achieve satisfactory coat-
ability. In the case where the hydrogen concentration 1s less
than 5 vol %, bare spots occur very often. Since the effect of
hydrogen concentration becomes saturated 1n the case where
the hydrogen concentration 1s more than 20 vol %, 1t 1s
preferable that the upper limit of the hydrogen concentration
be 20 vol %. Here, the hydrogen concentration need not be
5 vol % or more at a temperature out of the temperature
range from Ac3 point to 950° C.
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Dew-Point D 1n Temperature Range from Ac3 Point to
950° C.: within Range According to Relational Expression
(1)

In addition, the furnace dew-point D specified by rela-
tional expression (1) below 1s an important factor for achiev-
ing satisfactory coatability. Even though the desired hydro-
gen concentration 1s achieved, 1n the case where the dew-
point D 1s higher than the upper limit, since alloy chemical
clements such as Mn and S1 are concentrated again during
annealing, bare spots and deterioration 1n coating quality
occur. Although there 1s no particular limitation on the lower
limit of the dew-point, there 1s a problem 1n that controlling
the dew-point to be lower than —40° C. 1s diflicult, which
requires huge equipment costs and operation costs.

[Math. 1]

~40=D<(7-1112.5)/7.5 (1)

In relational expression (1), D denotes the furnace dew-
point (° C.), and T denotes the heating temperature (° C.).

Retention Time in a Temperature Range of 450° C. to
550° C.: 5 Seconds or More and Less than 20 Seconds

The steel sheet 15 held 1n a temperature range of 450° C.
to 550° C. for 5 seconds or more before a coating process.
This 1s for the purpose of promoting the formation of bainite.
In the specification of a microstructure, bainite 1s an 1mpor-
tant phase for achieving high YS. It 1s necessary that the
steel sheet be held 1n this temperature range for 5 seconds or
more 1n order to form bainite and 1n order to control the total
phase fraction of bainite and tempered martensite to be 30%
or more. In addition, 1n the case where the retention time 1s
more than 20 seconds 1n the present invention, since the
transformation of austenite into bainite occurs more than
necessary, 1t 1s not possible to obtain a suflicient amount of
martensite. Therefore, 1t 1s necessary that the retention time
be less than 20 seconds. It 1s not preferable that the retention
temperature be lower than 450° C., because this makes 1t
difficult to form bainite, and because this results in deterio-
ration 1n the quality of the coating bath in the case where the
retention temperature 1s lower than that of the subsequent
coating bath. Hence, the lower limit of the temperature range
described above 1s set to be 450° C. On the other hand, 1n the
case where the retention temperature 1s higher than 550° C.,
territe and pearlite are more likely to be formed than bainite.
It 1s preferable that a cooling be performed at a cooling rate
(average cooling rate) of 3° C./s or more from the heating
temperature to this temperature range. This 1s because, since
ferrite transformation tends to occur in the case where the
cooling rate 1s less than 3° C./s, it 1s not possible to form the
desired metallographic structure. There 1s no particular
limitation on the upper limit of the cooling rate. Although
the cooling may be stopped 1n the above-described tempera-
ture range of 450° C. to 550° C., the steel sheet may be held
in a temperature range of 450° C. to 550° C. after having
been subjected to cooling to a temperature equal to or lower
than the temperature range followed by reheating. In this
case, there may be a case where martensite 1s formed and
then tempered if cooling 1s performed to a temperature equal
to or lower than the Ms point.

Subsequently, a zinc-coating process 1s performed. The
zinc-coating process 1s a process 1 which the steel sheet,
which has been subjected to the heat treatment, 1s subjected
to a coating treatment and cooled to a temperature of 50° C.
or lower at an average cooling rate of 5° C./s or more.

The coating treatment should be performed so that the
coating weight is 20 g/m* to 120 g/m* per side. There is no
particular limitation on other conditions. In this process, for
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example, a coating layer having a composition containing,
by mass %, Fe: 0.1% to 18.0%, Al: 0.001% to 1.0%, one,

two, or more selected from Pb, Sb, S1, Sn, Mg, Mn, Ni, Cr,
Co, Ca, Cu, L1, T1, Be, B1, and REM 1n a total amount of 0%
to 30%, and the balance being Zn and mevitable impurities
1s formed on the surface of the steel sheet obtained by the
method described above. A coating method used 1s a galva-
nizing method. The coating condition may be appropriately
set. In addition, an alloying treatment, 1n which heating 1s
performed, may be performed after galvanizing treatment
has been performed. The alloying treatment (galvannealing)
1s a treatment 1n which, for example, the galvanized steel
sheet 1s held 1 a temperature range ot 480° C. to 600° C. for
about 1 second to 60 seconds.

After the coating treatment has been performed (after the
alloying treatment has been performed 1n the case where the
alloying treatment 1s performed) as described above, cooling
1s performed to a temperature of 50° C. or lower at an
average cooling rate of 3° C./s or more. This 1s for the
purpose ol forming martensite, which 1s indispensable for
improving strength. In the case where the average cooling
rate 1s less than 5° C./s, 1t 1s difficult to form a sufhicient
amount of martensite for achieving the desired strength. In
addition, 1n the case where cooling 1s stopped at a tempera-
ture of higher than 50° C., since martensite 1s tempered to an
excessive degree (seli-tempering), 1t 1s diflicult to achieve
the desired strength. Here, 1t 1s preferable that the average
cooling rate be 30° C./s or less 1n order to form appropriately
tempered martensite for achieving high YR.

Subsequently, skin pass rolling 1s performed. The skin
pass rolling process 1s a process in which the coated steel
sheet after a galvanizing treatment has been performed 1s
subjected to skin pass rolling with an elongation ratio of

Steel

No. C S1
120
140
160
180
230
160
160
160
190
190
190

160
160
160

0.20
0.10
0.06
0.02
0.60
0.10
1.20
0.08
0.50
0.50
0.50
0.06

0.06
0.06
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0.1% or more. Skin pass rolling 1s performed on the coated
steel sheet with an elongation ratio of 0.1% or more for the

purpose of stably achieving a high YS 1n addition to cor-
recting the shape and controlling the surface roughness.
Processing through the use of leveler may be performed 1n
addition to skin pass rolling for the purpose of correcting the
shape and controlling the surface roughness. In the case
where skin pass rolling 1s performed more than necessary,
since excessive strain 1s applied to the surface of a steel
sheet, there 1s a decrease in the evaluation values of bend-
ability and stretch flange formability. In addition, 1n the case
where skin pass rolling 1s performed more than necessary,
there 1s deterioration 1n ductility, and there 1s an increase in
load placed on the equipment due to the high strength of the
steel sheet. Theretfore, 1t 1s preferable that skin pass rolling
be performed with a rolling reduction ratio of 3% or less.

EXAMPLES

By preparing molten steels having the chemical compo-
sitions given 1n Table 1 through the use of a converter, by
making the molten steels 1nto slabs through the use of a
continuous casting machine, and by performing, under the
various conditions given 1n Table 2, hot rolling, cold rolling,
heating (annealing), pickling (in the case indicated by “O”
in Table 2, a pickling solution having a HCI concentration of
5 mass % and a temperature of 60° C. was used), a heat
treatment, a coating treatment, and skin pass rolling, high-
strength galvanized steel sheets (product sheets) were manu-
factured. Here, 1n the cooling process (cooling process after
the coating treatment had been performed), the steel sheets
were passed through a water tank having a temperature of
40° C. so as to be cooled to a temperature of 50° C. or lower.

TABLE 1

mass %

Al T Nb VY

2.80
2.45
2.30
2.22
2.05
1.85
2.30
2.30
2.05
2.05
2.05
2.30

2.30
2.30

Steel

No.

s leslwl@Nve R~

Q)

0.030
0.00¥
0.010
0.010
0.001
0.010
0.010
0.010
0.001
0.001
0.001
0.010
0.01

0.010

-

—
Mo

0.10

0.12

0.10

Cr

0.0010
0.0008
0.0009
0.0009
0.0015
0.0010
0.0009
0.0009
0.0015
0.0015
0.0015
0.0009

0.0009
0.0009

0.1

Cu

0.0040
0.0038
0.0039
0.0055
0.0040
0.0040
0.0039
0.0040
0.0040
0.0040
0.0040
0.0039

0.0039
0.0039

Ni

0.035
0.030
0.035
0.035
0.035
0.030
0.030
0.035
0.035
0.035
0.035
0.035

0.035
0.035

Sb

0.015
0.022
0.025
0.025

0.01%
0.025

0.031

0.025

0.025

0.025

Ca

0.0001

0.0001
0.0001

0.0001

0.0001

0.042
0.020
0.020
0.020
0.025
0.023
0.020

0.020
0.020
0.020

ACl1

0.051

AC3

0.0010

0.0010
0.0010

0.0010

0.028

(° C.) (°C.) Note

722
720
722
721
730
730

743

717

723

722
725

843
842
833
822
830
844

895

830

84X

847
841

Exampl
Exampl
Exampl
Exampl

a 0 O

Exampl
Comparative

c

Example

Comparative

Example

Comparative
Exampl

Examp.
Examp.

c

Examp.

L%
L%
L%
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TABLE 1-continued
mass %o
L 0.18 723 827 Example
M 0.10 0.05 715 825 Example
N 0.004 719 828 Example
*Underlined portions indicate values out of the range of the present invention.
TABLE 2
Hot Rolling Heat Treatment
Finishing Cold Rolling Average
Slab Heating  Delivery Coiling Cold Rolling Heating Pickling Heating
Steel Temperature Temperature Temperature Reduction  Temperature Done or Rate — Temperature T
No. No. (° C.) (° C.) (° C.) Ratio (%o) ° C. Undone (° C./s) (° C.)
1 A 1280 920 520 60 840 O 5 870
2 B 1150 840 580 50 820 O 7 870
3 C 1200 880 550 50 840 O 5 850
4 D 1230 900 600 40 850 O 5 860
5 E 1250 860 620 30 820 O 3 860
6 F 1200 880 560 50 820 O 5 850
7 G 1220 890 560 50 820 O 5 900
8 H 1180 890 560 50 820 O 5 850
9 C 1200 880 550 50 840 O 5 865
10 C 1200 880 550 50 840 O 5 850
11 C 1200 880 550 50 840 O 5 850
12 C 1200 880 550 50 700 O 5 850
13 C 1200 880 550 50 840 O 5 850
14 C 1200 880 550 50 840 O 5 760
15 C 1200 880 550 50 840 X 5 850
16 E 1200 860 600 50 820 O 3 860
17 I 1300 830 600 50 820 O 4 860
18 I 1200 900 600 50 820 O 4 860
19 K 1260 850 600 50 820 O 4 860
20 L 1200 880 550 50 840 O 5 850
21 M 1200 880 550 50 840 O 5 850
22 N 1200 880 550 50 840 O 5 850
after
Coating
Heat Treatment Treatment Skin Pass
Average Rolling
Hydrogen Retention  Cooling Elongation
Concentration Dew-point D Time *2 Rate *1 Ratio
No. (vol. %) ° C. (s) (° C./s) (%) Note
1 5 -34 15 8 0.15 Example
2 12 -37 12 10 0.2 Example
3 8 -38 15 10 0.3 Example
4 10 -36 15 20 0.3 Example
5 15 -36 10 10 0.3 Example
6 8 -37 15 10 0.3 Comparative
Example
7 8 -37 15 10 0.3 Comparative
Example
8 8 -37 15 10 0.3 Comparative
Example
9 8 -35 15 10 0.3 Example
10 3 -38 15 10 0.3 Comparative
Example
11 8 -10 15 10 0.3 Comparative
Example
12 8 -38 10 10 0.3 Comparative
Example
13 8 -38 4 25 0.3 Comparative
Example
14 8 *3 15 10 0.3 Comparative
Example
15 8 -38 15 10 0.3 Comparative
Example
16 15 -36 10 1 0.3 Comparative
Example
17 15 -36 10 10 0.3 Example
1% 15 -36 10 10 0.3 Example
19 15 -36 10 10 0.45 Example
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TABLE 2-continued
20 % -3
21 % -3
22 8 -3

*Underlined portions indicate values out of the range of the present invention.

15
15
15

18

10 0.3 Example
10 0.3 Example
10 0.3 Example

*1 Average cooling rate after coating treatment: a temperature ange 1s 430° C. to 30° C., in which a temperature of 30° C. 1s reached after the steel
sheet has passed through the last cooling zone as a result of the steel sheet bemg passed through a water tank having a temperature of 40° C. so as

to be cooled to a temperature of 50° C. or lower.
*2 This refers to a retention time in a temperature ange of 450° C. to 550° C.

*3 A case of a heating treatment temperature T be ng out of the temperature range in which the dew-point D 1s specified

By taking samples from the galvanized steel sheets
obtained as described above, and by performing microstruc-
ture observation and a tensile test through the use of the
methods described below, phase fraction (area ratio) of a
metallographic structure, vield strength (YS), tensile
strength (1S), and vyield strength ratio (YR=YS/TSx100%)

were determined or calculated. In addition, by performing
visual observation on appearance, coatability (surface qual-
ity) was evaluated. The evaluation methods are as follows.

Microstructure Observation

By taking a sample for microstructure observation from
the galvanized steel sheet, by polishing an L-cross section
(thickness cross section parallel to the rolling direction), by
ctching the polished cross section through the use of a nital
solution, by performing observation through the use of a
SEM at a magnification of 1500 times 1n 3 or more fields of
view 1n the vicinity of a position located V4t (t denotes a
whole thickness) from the surface 1n the etched cross section
in order to obtain image data, and by performing image
analysis on the obtained image data, area ratio was deter-
mined for each of the observed fields of view, and average
value of the determined area ratios was calculated. Here, an
example of the image data described above 1s given 1n the

FIGURE

Amount of Mn Oxides 1n Galvanized Layer

The amount of Mn oxides 1n a galvanized layer was
determined by dissolving the coating layer 1n dilute hydro-
chloric acid and by performing ICP emission spectrometry.
The specific measuring principle will be described below.
Most of the Mn oxides, which are formed 1n the surface layer
of the steel sheet 1n an annealing process, are mixed 1n the
coating layer 1n a coating process, and some of the oxides are
retained at an interface between the coating layer and the
base steel. Since 1t 1s possible to easily dissolve Mn oxides
in acid, by immersing a coated steel sheet in dilute hydro-
chloric acid, it 1s possible to dissolve all the Mn oxides
existing 1n the coating layer and retained at the interface. At
this time, by adding an inhibitor in the dilute hydrochloric
acid, since 1t 1s possible to 1nhibit the dissolution of the steel
sheet, 1t 1s possible to accurately determine only the amount
of Mn oxides which are formed in the surface layer of the
steel sheet.

Tensile Test

A tensile test was performed with a constant tensile speed
(crosshead speed) of 10 mm/min on a JIS No. 5 tensile test
piece (JIS Z 2201) taken from the galvanized steel sheet in
a direction rectangular to the rolling direction. The yield
strength (YS) was defined as 0.2%-proof stress which was
derived from the inclination 1n the elastic range correspond-
ing to a strain of 100 MPa to 200 MPa, and the tensile
strength was defined as the maximum load in the tensile test
divided by the 1nitial cross-sectional area of the parallel part
of the test piece. When the cross-sectional area of the
parallel part was calculated, the thickness was defined as the
thickness including that of the coating layer.
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Surface Quality (Appearance)
By performing visual observation on the appearance after

a coating treatment had been performed, a case where no
bare spot was observed was judged as O, a case where bare
spots were observed was judged as x, a case where no bare
spot was observed but, for example, a variation 1n coating
appearance was observed was judged as A. Here, the term
“bare spots” denotes arcas having a size of about several
micrometers to several millimeters in which no coating layer
exists so that the steel sheet 1s exposed.

Extoliation Resistance

Regarding exfoliation resistance when bending 1s per-
formed, (1) GA (which has been subjected to alloying
treatment) 1s required to have such exfoliation resistance that
separation 1s 1nhibited at a position which 1s subjected to
bending work at an angle of more than 90° to make an acute
angle. In the present examples, by sticking a cellophane tape
to a portion which had been subjected to bending at an angle
of 120°, and by thereatfter peeling the cellophane tape so that
separated objects moved to the cellophane tape, the amount
ol separated objects on the cellophane tape was determined
in terms ol Zn count number obtained by performing X-ray
fluorescence spectrometry. Here, at this time, the mask
diameter was 30 mm, the acceleration voltage for the
fluorescent X-rays was 50 kV, the acceleration current was
50 mA, and the measuring time was 20 seconds. On the basis
of the standard below, a case of rank 1 or 2 was judged as
a case of good exfoliation resistance (denoted by the symbol
), a case of rank 3 or higher was judged as a case of poor
exftoliation resistance (denoted by the symbol x).

Rank by Zn count number with fluorescent X-ray

0 or more and less than 500: 1

500 or more and less than 1000: 2

1000 or more and less than 2000: 3

2000 or more and less than 3000: 4

3000 or more: 5

(2) GI (which has not been subjected to an alloying
treatment) 1s required to have exioliation resistance when an
impact test 1s performed. By performing a ball impact test,
by performing a tape peeling test on a portion which had
been subjected to processing, and by performing a visual
observation, whether or not coating-layer separation
occurred was investigated. The ball impact test was per-
formed with a ball weight of 1000 g and with a falling height
of 100 cm.

O (Good): without coating-layer separation

x (NG): with coating-layer separation

Corrosion Resistance After Processing

Chemical conversion treatment was performed on GA,
which had been subjected to bending at an angle of 120°,
and GI, which had been subjected a ball impact test, so that
the coating weight of the chemical conversion film was 1.7
g/m* to 3.0 g/m* under the standard conditions below by
using a degreasing agent: FC-E2011, a surface conditioning
agent: PL-X, and chemical conversion agent: PALBOND
PB-L.3065 (the three agents are produced by Nihon Parker-
1izing Co., Ltd.).
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<Standard Condition>

Degreasing process: treatment temperature of 40° C. and
treatment time of 120 seconds

Spray degreasing and surface conditioning process: pH of

20

cut line portion, was determined. A case where the maxi-
mum total separation width was 2.0 mm or less was judged
as a case ol good corrosion resistance in the salt spray test.

O (Good): maximum total separation width from each cut

9.5, treatment temperature of room temperature, and treat- 5 line was 2.0 mm or less
ment time of 20 seconds x (NG): maximum total separation width from each cut
Chemical conversion treatment process: temperature of line was more than 2.0 mm
chemical conversion solution of 35° C. and treatment time The obtained results are given 1n Table 3. Here, regarding
of 120 seconds the phases 1n a metallographic structure, the symbol “F”
Electrodeposition coating was performed on the surface 10 denotes ferrite and bainite which does not contain carbides,
of the test piece, which had been subjected to the chemical the symbol “M” denotes martensite, and the symbol “M', B”
conversion treatment as described above, so that the thick- denotes tempered martensite and bainite.
ness of the film was 25 um by using an electrodeposition Workability (Bendability)
paint: V-50 (produced by Nippon Paint Co., Ltd.), and the A bending test was performed in order to investigate
coated test piece was subjected to the corrosion test 15 whether or not satistactory workability was achieved. In this
described below. test, by taking a strip-shaped sample of 30 mm (L )x100 mm
<Salt Spray Test (S58T)> (W) 1n a direction perpendicular to the rolling direction from
The surface of the test piece described above, which had the galvanized steel sheets, by polishing the end surfaces of
been subjected to bending (in the case of GA) or ball impact the sample 1n order to obtain a test piece of 25 mm (L)x100
test (in the case of GI), and which had been subjected to the 20 mm (W), by performing U-bend test on the test piece at an
chemical conversion treatment and the electrodeposition angle of 180° with a bending radius R of 3.5 (R/t=2.5),
coating, was cut by using a cutter knife so that the cut flaw whether or not a crack occurred 1n the vicinity of the bending
reached the coating layer. This test piece was subjected to a ridge line was investigated. The symbol “CO” in the table
salt spray test by using a 5 mass % NaCl aqueous solution denotes a case with no crack. Here, the term “crack™ denotes
tor 240 hours 1n accordance with the neutral salt spray test 25 a crack which 1s visually i1dentifiable when observation 1s
prescribed in JIS Z 23°71:2000. By performing a tape peeling, performed by using a microscope at a magnification of 10
test on the cross-cut portion, the maximum total separation times, and a wrinkle, which 1s formed belore a crack occurs,
width, which was the sum of the widths on both sides of the 1s not regarded as a crack.
TABLE 3
Metallo- Amount of Mn
graphic Oxides in
Structure Galvanized Product Sheet Coating Layer
Steel M'B layer TS YS Coating Weight
No. No. F% M% % o/m? MPa MPa YR % Kind o/m?
1 A 10 40 50 0.050 955 055 oY GA oU
2 B 5 25 70 0.040 985 716 73 Gl 46
3 C 5 45 50 0.035 1005 745 74 Gl 45
4 D 2 35 60 0.025 1000 725 73 Gl 47
5 E 3 50 45 0.020 1145 770 o7 Gl 48
6 F 20 15 65 0.030 940 625 66 GI 45
7 G 11 45 40 0.055 955 625 05 Gl 40
8 H 15 35 50 0.030 930 595 64 GI 46
9 C 5 45 50 0.035 990 725 73 GA 48
10 C 5 45 50 0.030 995 710 71 Gl 15
11 C 5 45 50 0.125 995 735 74 Gl 140
12 C 35 20 45 0.075 880 540 61 GI 45
13 C 8 70 20 0.035 1205 745 62 Gl 45
4 C 30 65 5 0.035 770 480 62 GI 45
15 C 5 33 40 0.080 980 705 72 Gl 15
16 E 40 5 50 0.020 780 700 90 GI 48
17 I 4 30 65 0.020 990 725 73 Gl 48
18 I 3 30 65 0.020 975 730 75 Gl 48
19 K 3 30 65 0.020 980 750 77 Gl 48
20 L 2 45 50 0.020 990 715 72 Gl 45
21 M 5 35 60 0.035 995 730 73 Gl 45
22 N 5 45 50 0.035 1005 750 75 Gl 45
Corrosion
Exfoliation Resistance
Surface resistance 1n after
No. Quality Bendability  Processing Processing Note
1 A O O O Example
2 O O O O Example
3 O O O O Example
4 O O O O Example
5 O O O O Example
6 O O O O Comparative
Example
7 X O X X Comparative

Example
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< O O
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15
16
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19
20
21
22

oo o O O O O O 0O

OO0 O
OO0 O

*Underlined portions indicate values out of the range of the present invention.

The steel sheets of the examples of the present invention,
which were manufactured with chemical compositions and
manufacturing conditions within the range according to
embodiments ol the present invention, were steel sheets
having a TS of 950 MPa or more, a YR of 65% or more, the
specified workability, and coating quality.

Since the galvanized steel sheet according to embodi-
ments of the present invention has not only a high tensile
strength but also a high yield strength ratio and good
workability and surface quality, the steel sheet contributes to
environment conservation, for example, from the viewpoint
of CO, emission by contributing to an improvement in
safety performance and to a decrease in the weight of an
automobile body through an improvement in strength and a
decrease 1n thickness, in the case where the steel sheet 1s
used for the skeleton parts, 1n particular, for the parts around
a cabin, which has an influence on collision safety, of an
automobile body. In addition, since the steel sheet has both
good surface quality and coating quality, 1t 1s possible to
actively use for parts such as chassis which are prone to
corrosion due to rain or snow, and it 1s also possible to
expect an improvement in the rust prevention capability and
corrosion resistance ol an automobile body. A material
having such properties can effectively be used not only for
automotive parts but also in the industrial fields of civil
engineering, construction, and home electrical appliances.

The 1nvention claimed 1is:

1. A high-yield-ratio high-strength galvanized steel sheet
comprising a steel sheet having a composition consisting of,
by mass %,

C: 0.12% or more and 0.25% or less,

S1: 0.02% or more and 0.6% or less,

Mn: 2.0% or more and 3% or less,

P: 0.05% or less,

S: 0.005% or less,

Al: 0.1% or less,

N: 0.008% or less,

Ca: 0.0003% or less,

one or more of Ti, Nb, V, and Zr in a total amount of

0.01% to 0.1%,
optionally one or more of Mo, Cu, and Ni 1 a total
amount of 0.1% to 0.5% and/or B: 0.0003% to 0.005%,
optionally Sb: 0.001% to 0.05%, and
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the balance being Fe and inevitable impurities, and

a metallographic structure including, in terms of area
ratio, 15% or less of ferrite, 20% or more and 50% or
less of martensite, bainite and tempered martensite 1n a
total amount of 30% or more and 70% or less, and 4%
or less of remainder phases including pearlite, retained
austenite, and precipitates, and

a galvanized layer formed on the steel sheet having a

coating weight of 20 g/m” to 120 g/m” per side; and
a yield strength ratio 1s 65% or more,
a tensile strength 1s 950 MPa or more, and
Mn oxides are contained in the galvanized layer in an
amount of 0.015 g/m~ to 0.040 g/m”,

wherein the galvanized steel sheet has a maximum total
separation width of 2.0 mm or less, after being sub-
jected to bending at an angle of 120°, a chemical
conversion treatment, and an electrodeposition treat-
ment, and followed by being subjected to a salt spray
test by using a S mass % NaCl aqueous solution for 240
hours in accordance with the neutral salt spray test
prescribed m JIS Z 2371:2000.

2. The high-yield-ratio high-strength galvanized steel
sheet according to claim 1, wherein the galvanized layer 1s
a galvannealed layer.

3. A method for manufacturing a high-yield-ratio high-
strength galvanized steel sheet of claim 1, the method
including

a heat treatment process in which a cold-rolled steel sheet

having the chemical composition according to claim 1
1s heated to a temperature range from the Act point to
the Ac3 point+30° C., pickled, and subjected to a heat
treatment at an average heating rate of less than 10°

C./s at a heating temperature T from the Ac3 point to
930° C. with a hydrogen concentration H 1n a furnace
atmosphere 1n the heating temperature range of 5 vol %
or more, with a furnace dew-point D in the heating
temperature range satisiying relational expression (1)
below, and with a retention time 1n a temperature range
o1 450° C. to 530° C. of 5 seconds or more and less than
20 seconds,

a galvamzing process in which the steel sheet which has
been subjected to the heat treatment process 1s sub-
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jected to a coating treatment and cooled to a tempera-
ture of 50° C. or lower at an average cooling rate of 5°
C./s or more, and

a skin pass rolling process 1n which the coated steel sheet
which has been subjected to the galvanizing process 1s 5

subjected to skin pass rolling with an elongation ratio
of 0.1% or more:

~40=D<(T-1112.5)/7.5 (1),

where, 1n relational expression (1), D denotes the furnace g
dew-point (° C.), and T denotes the heating temperature

(° C.),

wherein Ac3=937-477C+56Si-20Mn-16Cu-27Ni-
SCr+38Mo+125V+136Ti+35Zr—19Nb+198Al+
3315B 2) 15

where the atomic symbols 1n relational expression (2)
denote the contents of the corresponding chemical
clements, and where the symbol of a chemical element
which 1s not contained 1s assigned a value of O.

4. The method for manufacturing a high-yield-ratio high- 20
strength galvanized steel sheet according to claim 3, wherein
the galvanizing treatment 1s a hot-dip galvanizing treatment
or a hot-dip galvamizing treatment followed by an alloying

freatment.
25
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